Background: The prevalence of hypertension in Chinese Mainland has increased rapidly in the recent decades. This study aimed to determine the prevalence of hypertension and sodium intake in an economically booming area in China.
Results: Overall, the weighted means of systolic blood pressure (SBP) and diastolic blood pressure (DBP) were 128. 8 2) of those under anti-hypertension medications had their blood pressure controlled. The mean of 24-h urinary sodium excretion was 188.2 mmol (standard deviation, SD, 69.5), representing that the mean intake of salt was 11.0 g (SD, 4.1) through conversion. Conclusion: Hypertension and excessive sodium intake in adults are prevalent in Jiangsu Province, China. These observations suggest that a public health approach is necessary to prevent hypertension and manage hypertensive patients.
Background
Hypertension is a major health problem worldwide. More than 60 % of stroke cases and 40 % of coronary heart disease events were attributed to hypertension worldwide [1] . The prevalence of hypertension in general population was approximately 25 %, and this number will increase markedly by 60 % between 2000 and 2025 [2] . Pre-hypertension, a physiological condition that blood pressure is not as high enough as that defined as hypertension clinically, is also revealed as one important cause of global mortality [3] .
Reduced salt intake 50 mmol per day will decrease systolic blood pressure 4 mmHg and diastolic blood pressure 2.5 mmHg [4] . Excess dietary sodium is closely related to the increase of blood pressure and clinically measured hypertension. Furthermore, because excess sodium can increase urinary calcium loss, it may also cause many other adverse health outcomes such as ventricular fibrosis, renal damage, gastric cancer, and osteoporosis [5] .
Jiangsu province lies in the eastern region of China with a population of 73 million. In the province, cancer and cardiovascular disease are the two major death-related causes around the residents [6] . According to the monitoring data from "The Chronic Disease And Its Risk Factors In Jiangsu Province, 2010", the prevalence of hypertension in residents aged 18 and older in Jiangsu province has reached 38.6 %. In addition, the average level of daily salt consumption (11.2 g) was almost 2 times of the World Health Organization guideline (6 g) [7] .
Since 1970s, many countries launched campaigns to reduce salt intake. Salt reduction is considered as a prior measure to decrease the occurrence of cardiovascular disease and the medical expense [8, 9] . The health benefits of salt reduction action have been well documented. Measures supported by policy, such as creating supporting environment, large-scale public education, adjusting the formulation and implementation of "salty food label", can gradually reduce the sodium intake of population [10] . These experiences show that the health promotion strategies as comprehensive measures for salt intake reduction can prevent high blood pressure and related diseases consequently.
The awareness, treatment and control of hypertension in treated patients increased significantly from 1997 to 2009. However, these observed rates were all less than 30 % [11] ; so the current measures for preventing and treating hypertension still required to be enhanced. As a result, Jiangsu provincial government started a salt reduction action on July 29, 2013, this project was led by the provincial government and was aiming to reduce the risk of hypertension and related diseases; and its baseline survey was carried out to understand the level of population sodium intake and hypertension prevalence around the whole province in 2013. These findings can improve a targeting intervention to achieve the health goal of government: the awareness of salt knowledge reaching more than 80 % and the provincial average level of salt intake decreasing by more than 28 % at the end of 2015.
Methods

Sample size and sampling frame
The baseline survey of National Salt Reduction Action was conducted between December 2013 and May 2014. Respondents were restricted in persons who aged 18 to 69 years old and lived in the selected areas for 6 to 12 months before the investigation. The sample size used for estimating hypertension prevalence of the provincial population was calculated as 9600, its calculation formula was N¼
, and all parameters in this formula were determined by the project plan; The required sample size was 2400 for salt intake evaluation, the calculation formula was N ¼ u α σ δ À Á 2 and parameters in this formula also were determined by the project plan. Participants without disability and mental disorders were eligible to enter into the survey. We used complex four-stage cluster sampling method to recruit participants.
(1). Stage 1, 6 counties/districts were selected from 100 counties/districts following geographic distribution and residence status (Binhu and Huishan district of Wuxi city represent South Jiangsu, Jiangdu district and Baoying county of Yangzhou city represent Middle Jiangsu, Xinyi county in Xuzhou city and Ganyu county in Lianyungang city represent North Jiangsu). The geographic location of 6 selected counties/districts is shown in Fig. 1 .
(2). Stage 2, 4 towns (streets) were selected from each county/district by using proportional probability sampling.
(3). Stage 3, we also used proportional probability sampling to select 3 villages (neighborhood) randomly from selected towns (streets) in Middle and South Jiangsu, and 5 villages (neighborhoods) from selected towns (street) in North Jiangsu. (4) . Stage 4, we randomly selected 100 adults from the local resident list in each selected village and neighborhood community in Middle and South Jiangsu, and 120 adults in North Jiangsu. A total of 9600 participants aged 18 to 69 years old were selected from 9600 households among 6 communities and villages. In each selected village, 25 (from the middle and south) and 50 (from the north) of the participants were selected for urine test. Overall, the urine samples from 2400 adult participants were collected for further laboratory tests. The details of sampling procedure from stage 1 to stage 4 are shown in Fig. 2 .
Measurements
This baseline survey includes questionnaire investigation, physical measurement and laboratory tests. The questionnaire investigation and physical measurement were recommended for all selected participants. The amounts of chemicals in the urine (a 24-h urine sample collection) were subsequently determined by laboratory tests.
Questionnaire investigation
All of the families were invited to finish the family questionnaires containing family economic status and dietary information. A personal questionnaire (details in additional file 1) including individual social demography, hypertension related diseases conditions (ie. hypertension, diabetes, stroke and coronary heart disease), related lifestyle (smoking, alcohol use, diet and physical activity), related knowledge about salt intake and hypertension (health outcomes of sodium intake and hypertension, perceptions of salt consumption attitude and behaviors toward reducing salt intake), was answered by selected subjects.
Physical measurements
All respondents were invited to carry on the physical measurements including blood pressure, height, weight, waist circumference, hip circumference. These indexes were measured by well-trained health staffs using national standard protocols [12] . For instance, electronic sphygmomanometer (HEM-7071, Omron Corporation, Kyoto, Japan) is required for the blood pressure measurement, and the participants must keep in the sitting position during the test. One valid test should repeat every 5 min for 3 times by a single surrounding.
Body mass index (BMI) = weight (kg) / height 2 (m), the definition of BMI categories is including: BMI less than 18.5 is classified as lower weight, BMI ranging from 18.5 to 24.99 is classified as normal, BMI ranging from 25 to 28 is classified as overweight and BMI more than 28 is classified as obesity.
Laboratory tests
The 24-h urine specimens of respondents were collected in standard urine collection containers. After the first interview when the participants were given collection instructions, the beginning time and ending time of urine collection for each participant were recorded and the completeness of 24-h urine collection was evaluated [1] . Then, the containers of all respondents were taken back and then transported on ice to the laboratory (ADICON Clinical Laboratory Inc., Jinan, Shandong, China), where the experiments were carried out according to the testing methods. Urinary sodium, urinary potassium and urinary creatinine were determined by the designated inspection agencies [13] .
Urinary sodium and potassium were measured using ion selecting electrode method in accordance with the examination protocols. Creatinine, as a quality control index, was measured using the picric acid method. The completeness of 24-h urine collection was assessed based on creatinine excretion. The urine sample with creatinine reaching 1.91-18.27 mmol in man or 1.36-14.28 mmol in woman was considered an acceptable collection [14] . Based on assumption that all ingested sodium was in the form of sodium chloride, quantity of 24-h urinary sodium excretion was used estimating daily salt intake [1] .
Ethical approval of this study was obtained from the "Ethical Committee of Chinese National Center of Disease Control and Prevention". And all respondents in this investigation had received and signed a papery informed consent form from Ethical Committee of Chinese National Center of Disease Control and Prevention.
Hypertension definition
The participant was classified as hypertension if systolic blood pressure (SBP) was greater than or equal to 140 mm Hg, or diastolic blood pressure (DBP) was greater than or equal to 90 mm Hg, or he/she underwent antihypertension medication in the previous 2 weeks. Among the hypertensive participants, self-report of any previous clinical diagnosis of hypertension was defined as awareness of hypertension. Self-reported anti-hypertension medication usage was defined as treatment of hypertension among the participants with hypertension awareness. Finally, mean SBP of less than 140 mm Hg or DBP of less than 90 mm Hg was defined as control of hypertension among those treated participants [15] .
Data analysis
Sample weights were determined by the design weight and post-stratification weight. The design weight was calculated by combination of cluster design, strata and individual. And the calculation of post-stratification weight depended on general population distribution of Jiangsu Province in 2014 [16] .
All of the data in the survey were collected and inputted by using EpiData Entry 3.1 (The EpiData Association, Odense, Denmark). Statistical analysis were performed with SPSS (version 19.0, SPSS Inc., Chicago, Illinois, USA) and SAS software 9.3 (SAS Inc., Cary, North Carolina, USA). When P value was less than 0.05 (Two sided P < 0.05), the difference was considered statistically significant.
Results were expressed as median and 95 % confidence interval (95 % CI) or mean ± SD. Variances of mean and proportion were estimated and 95 % confidence intervals (CIs) were calculated. Rao-Scott χ 2 test was used for comparisons of rates between different characteristics such as household registers, sexes and age groups, while Student's t-test and analysis of variance (ANOVA) were used for comparisons of means between different characteristics.
Results
Characteristics of respondents
Of the 9600 individuals invited to this study, 9533 individuals (4650 men, 4883 women) responded and participated in our survey. The response rate is 99.3 %. A total of 2202 individuals completed the 24-h urine collection, yielding a response rate of 91.8 %.
The mean age of the samples was 41.55 (SD, 13.797) years old. Of the participants, 2620 (27.9 %) participants were current smokers. The prevalence of overweight and obesity was 36.6 and 14.6 %, respectively. Based on the body mass index (BMI), 264 (3.1 %) participants were classified as low weight (BMI < 18.5), 4344 (45.7 %) were normal (18.5≦BMI < 25), 3496 (36.6 %) were overweight (25≦BMI < 28), and 1410 (14.6 %) were obese (BMI≧28). All details of respondents' characteristics are shown in Table 1 . Among those with hypertension, there were significant gender and urban/rural differences in awareness and treatment of hypertension (P < 0.05). Men had lower awareness and treatment of hypertension than women, while the urban residents had higher awareness of hypertension than the rural residents ( Table 2 ). The prevalence of awareness and treatment of hypertension was 28. Among the residents who underwent anti-hypertension medications presently, difference in the control of hypertension was not observed between the male and the female (P = 0.24), and also not found between the rural and the urban areas (P = 0.17). There were no significant gender and urban/rural differences in the control of hypertension. All details of respondents' blood pressure and awareness, treatment and control of hypertension are shown in Table 2 .
Urinary sodium and potassium
As shown in Table 3 , the mean 24-h urinary sodium and potassium excretion were 188.2 mmol (SD, 69.45) and 28.0 mmol (SD, 9.50), respectively. The mean of salt intake converted from urinary sodium was 11.0 g (SD, 4.06). Differences were found in 24-h urinary sodium excretion between different populations. For instance, rural residents excreted more sodium than urban residents (P < 0.01); the males excreted more sodium than the females (P < 0.01). Among the samples, only 8.6 % (95 % CI, 7.3-9.9 %) had urinary sodium <102.46 mmol (equivalent to salt intake of 6 g/d). All details of respondents' urinary sodium and potassium are shown in Table 3 .
Discussion
Our study has found that the hypertension prevalence of residents in Jiangsu province was 33.0 % in 2014, as a result, one hypertensive patient was potentially detected from three residents aged from 18 to 69 years old in Jiangsu province. In former studies, the prevalence of hypertension in Chinese population increased significantly from 1991 to 2009 [11] , while another surveillance data from Chronic Disease and Its Risk factors Surveillance in China also confirmed this characteristic in Jiangsu province that the standardized rates of hypertension prevalence in residents aged more than 15 years old in 2002, 2007 and 2010 was 25.1, 33.8 and 38.6 %, respectively [17] . In brief, these surveillance data all indicate a tendency of rising hypertension burden in China and Jiangsu province in recent years; Although comparing these hypertension prevalence directly is unsuitable, such level of hypertension is still too high to be paid enough attention by the government. It is also shown in former study in Chinese population that the prevalence was higher in successive age groups [18] , so ageing of population may increase this rising tendency. In conclusion, our results suggest that hypertension prevalence rate is still in high level in 2014, which remains a provincial public health problem. It was also found that hypertension prevalence of the male was higher than that of the female. Indeed, we found that the current smoking rate was significant higher in men than in women, and there were more people overweight and obese in the male. Because smoking and BMI status are found as risk factors of hypertension [19] , tobacco reduction and body weight control must be firstly introduced in future policy formulated by the local government. Former studies at the national level have discovered that hypertension among rural population increased faster than urban population from 2002 to 2010 [20] ; In 2014, the hypertension prevalence in urban residents was lower than in rural residents in Jiangsu province; These all suggest that hypertension is more prevalent in rural areas. Economic improvement may be an important reason of this phenomenon, economic improvement in rural areas of China have deeply changed the living standard and economic capacity of the residents there, and risk factors grow dramatically. For instance, obesity and overweight of rural population were increasing faster than those of urban residents by improvement of economic capacity [21] .
The control of blood pressure to normal level can reduce the risk of cardiovascular diseases and prevent these vascular events [22] . Our study have found that among those aware of their hypertension condition, blood pressure control rate of the whole Jiangsu residents was still low, only 23.7 % which was even lower than that of neighboring Shangdong province (43.2 %), and much lower than that found in the United States [23, 24] . The comparisons on hypertension awareness and treatment of population in different areas and with different sexual distinctions also derive an imbalance, which mainly include the rural and the male have much lower awareness and treatment level.
The control of hypertension is closely related to the factors such as, awareness of blood pressure level, the technical levels of medical staffs, patients' medication adherence and life styles [9] . Firstly, the hypertension awareness of those residents who were classified as hypertension was rather low, so the undiscovered hypertensive patients accounted for a significant proportion, which indicate that the examination of hypertension is not still fully covered by current health service. Secondary, current selfreported anti-hypertension medication rate (88.4 %) was optimistic and acceptable, reflecting that high accessibility of treatment services have developed in Jiangsu province. At last, the hypertension control rate (23.7 %) was still low among those who underwent anti-hypertension medications, probably, treatment methods and patients' medication adherence co-influenced the effect of therapy. In brief, both the blood pressure screening and the effect of medication should be emphasized to increase hypertension control in policies of the future National Salt Reduction Action.
In our survey, we found that the mean of salt consumption converted from urinary sodium in 24-h urine collection was 11.0 g, and only 8.6 % of all residents' salt intake was below the recommended level (6 g) according to the dietary intake guidelines of Chinese residents [7] . The attention of salt reduction for hypertension control has been increasing throughout the world [25] , and the World Health Organization (WHO) has recommended that adults consume no more than 5 g of salt per day (equivalent to 2000 mg of sodium) in 2003 [26] . In addition, total salt intake in our study would be estimated to 12.2 g when considering that approximately 10 % of sodium was excreted in sweat and feces, so excess sodium intake is prevalent in Jiangsu province. To develop future intervention for control of hypertension, we need to combine our findings and those in other studies to adopt one advance and comprehensive method. Interestingly, the association between residents' knowledge and attitudes of salt and their behaviors of actual salt consumption is not clear, which suggests that interventions focused only on knowledge, attitudes and behaviors may be of limited efficacy [27] . As being a traditional measure, a single intervention by a health care provider, such as the propaganda of high blood pressure knowledge, can positively impact lifestyle choices, but the extent of this impact was relatively small [28] . So a combination with salt reduction action should draw the attention of governments, and compulsory measure should be put to use. In fact, despite modest effect of dietary sodium restriction cultivated by government, the diet without addition of salt significantly decreased systolic and diastolic BP, and it should be advised for every hypertensive patient [29] .
In other country, a gradual sodium reduction (10-15 % over multiple years) strategy leading to the adjustment of salt taste of the population was found valid and suitable [30] . In England, packaged food producers were the main salt using departments [31] . Differently, the major sources of sodium intake are condiments added during house cooking in China [32] , so health education and health promotion should widely affect cooking habits of many housewives, such as the generation of quantitative salt spoon.
For the people unwilling or fail to taste ease, low sodium salt as an alternative is undoubtedly more attractive. A kind of salt with reduced sodium and increased potassium is now being used in northern Chinese provinces [33] . Salt substitute might be a perfect strategy to reduce sodium consumption and control hypertension. The interdependency of Na and K in the pathogenesis of hypertension indicates that Na restriction and increased K intake are important strategies for the primary prevention and treatment of hypertension and its cardiovascular consequences [32] .
It was the first time to conduct large scale investigation of 24-h urinary samples in Jiangsu province. Our team has established an impeccable quality-control system for all links, which is valuable for future population studies. However, our study has also faced several limitations. Firstly, large representative sample was difficult to be involved in our completed survey. Non-responding participants were not substituted by randomly selected individuals. Only 6 counties were selected around the whole province in the first sampling stage, which also made the uncertainty bigger in estimation of 95 % CI. Secondly, the stability of electronic sphygmomanometer is not as reliable as mercurial sphygmomanometer, and blood pressure measurements on a single occasion (although 3 measurements were taken on that 1 occasion) could not substitute a clinical diagnosis of hypertension. These all increased the bias in blood pressure level measurement. Lastly, creatinine was used to substitute PABA as the biomarker for judging the completeness of 24-h urinary samples, which might have resulted in the inclusion of noneligible samples or the exclusion of eligible samples.
Conclusion
The overall prevalence of hypertension increased significantly in Jiangsu province between 2002 and 2010, we found it was still in the high level in 2014, and the overall awareness and control of hypertension were still in unacceptably low level. While the sodium intake was seriously above the recommended level. These observations suggest that a public health approach guided by government, which including sodium intake reduction and other strategies, is urgently needed to make substantial gains in the prevention and management of hypertension-related morbidity and mortality [34] .
